than UvrA (29%53%) and UvrC (18%56%) alone. To confirm the relevance of this response in vivo we used fluorescence imaging in cells. uvrA -complemented with UvrCþeGFP and UvrBþeGFP moved from diffusing in the cytoplasm to binding DNA after UV treatment. This reveals UvrB and UvrC can be brought to damaged DNA in the absence of UvrA. Surprisingly, ectopic expression of UvrC in the uvrA -strain increased survival at low UV levels. These data provide evidence for a previously unrealized mechanism of DNA repair that involves direct lesion recognition and processing by a UvrBC complex. (PPIs) are enriched in the nucleus and the role of PPI signaling in nucleus has remained enigmatic for many years. Existing evidence suggest that the overall lipid profiles of nuclear PPIs changes following ionizing radiation. We further demonstrate that nuclear PPIs accumulate at DNA damage sites shortly following global DNA damage induction by UV or chemically. However, whether nuclear PPIs play a role in mediating DNA damage repair is still an open question. Here, we investigate the potential roles of nuclear PPIs in mediating repair protein recruitment by sequestering specific PPIs with the expression of nuclear-targeted PPI-binding domains. The expression of PIP2-and PIP3-sequestering pleckstrin homology (PH) domains significantly suppresses recruitment of Ataxia telangiectasia and Rad3-related protein (ATR) and ATR-interacting protein (ATRIP) to DNA damage sites, and thereby reduces Chk1 activation. Local DNA damage by laser microirradiation shows that PPI-binding domains rapidly (<1s) accumulate at damage sites with local enrichment of PPIs as confirmed by anti-PIP2 immunostaining. Accumulation of PIP2 in complex with the nuclear receptor protein, SF1, at damage sites is further phosphorylated by inositol polyphosphate multikinase (IPMK). The resulting SF1-PIP3 complex is required for ATR-ATRIP recruitment and is down regulated at the overexpression of phosphatase and tensin homologue (PTEN). Suppressed recruitment and activation of ATR is confirmed with Latrunculin A and wortmannin treatment as well as IPMK or SF1 depletion. Other DNA repair pathways involving different PI3K-like kinases, ATM and DNA-PKcs, are unaffected by PPI sequestration, suggesting specificity in nuclear PPI-mediated signaling. Together, these findings reveal that nuclear PPI metabolism mediates an early damage response through the IPMK-dependent pathway to specifically regulate ATR-ATRIP-pChk1 signaling axis. Chemistry and Biochemistry, City College of New York, New York, NY, USA. Nucleotide excision repair (NER) protects genomic DNA from a wide variety of lesions, including nucleotide adducts and pyrimidine dimers. In bacteria, NER is initiated by the UvrA 2 (B 2 ) scanning complex when UvrA 2 locates a lesion and UvrB binding confirms lesion recognition. Each monomer in the UvrA 2 dimer has two ATPase sites (proximal and distal), and previous studies indicate that each site plays a distinct role in lesion detection. These studies, however, have lacked the resolution needed to determine the temporal order and stoichiometry of ATP binding, hydrolysis and product release at all sites. Hence, there is uncertainty about how the four ATPase sites work together to drive UvrA 2 actions during lesion detection and initiation of NER. Our goal is to address this question by first determining the UvrA 2 ATPase mechanism on and off a lesion. To this end, we have initiated kinetic analysis of wild type B. stearothermophilius UvrA 2 and Walker A and Walker B ATPase mutants. Thus far, our results show that when UvrA 2 is not bound to DNA, ATP binding to the proximal sites permits ATP hydrolysis at the distal sites; however, ADP is released slowly leaving the latter predominantly ADP-bound. Contact with undamaged DNA accelerates the ATPase cycle at both the proximal and distal sites, but the latter still appear predominantly ADP-bound. Contact with damaged DNA also accelerates the ATPase cycle, but ADP release from the distal sites is stimulated such that ATP hydrolysis becomes the slowest step in the reaction. Thus, when UvrA 2 binds a lesion it switches from a predominantly distal ADP-bound to ATP-bound state. These distinct responses allow us to begin building a model of how UvrA 2 ATPase activity is coupled to lesion search, recognition and response.
Mechanobiology Institute, National University of Singapore, Singapore, Singapore, 2 IFOM, the FIRC Institute of Molecular Oncology, Milan, Italy. Phosphoinositide lipids (PPIs) are enriched in the nucleus and the role of PPI signaling in nucleus has remained enigmatic for many years. Existing evidence suggest that the overall lipid profiles of nuclear PPIs changes following ionizing radiation. We further demonstrate that nuclear PPIs accumulate at DNA damage sites shortly following global DNA damage induction by UV or chemically. However, whether nuclear PPIs play a role in mediating DNA damage repair is still an open question. Here, we investigate the potential roles of nuclear PPIs in mediating repair protein recruitment by sequestering specific PPIs with the expression of nuclear-targeted PPI-binding domains. The expression of PIP2-and PIP3-sequestering pleckstrin homology (PH) domains significantly suppresses recruitment of Ataxia telangiectasia and Rad3-related protein (ATR) and ATR-interacting protein (ATRIP) to DNA damage sites, and thereby reduces Chk1 activation. Local DNA damage by laser microirradiation shows that PPI-binding domains rapidly (<1s) accumulate at damage sites with local enrichment of PPIs as confirmed by anti-PIP2 immunostaining. Accumulation of PIP2 in complex with the nuclear receptor protein, SF1, at damage sites is further phosphorylated by inositol polyphosphate multikinase (IPMK). The resulting SF1-PIP3 complex is required for ATR-ATRIP recruitment and is down regulated at the overexpression of phosphatase and tensin homologue (PTEN). Suppressed recruitment and activation of ATR is confirmed with Latrunculin A and wortmannin treatment as well as IPMK or SF1 depletion. Other DNA repair pathways involving different PI3K-like kinases, ATM and DNA-PKcs, are unaffected by PPI sequestration, suggesting specificity in nuclear PPI-mediated signaling. Together, these findings reveal that nuclear PPI metabolism mediates an early damage response through the IPMK-dependent pathway to specifically regulate ATR-ATRIP-pChk1 signaling axis. Chemistry and Biochemistry, City College of New York, New York, NY, USA. Nucleotide excision repair (NER) protects genomic DNA from a wide variety of lesions, including nucleotide adducts and pyrimidine dimers. In bacteria, NER is initiated by the UvrA 2 (B 2 ) scanning complex when UvrA 2 locates a lesion and UvrB binding confirms lesion recognition. Each monomer in the UvrA 2 dimer has two ATPase sites (proximal and distal), and previous studies indicate that each site plays a distinct role in lesion detection. These studies, however, have lacked the resolution needed to determine the temporal order and stoichiometry of ATP binding, hydrolysis and product release at all sites. Hence, there is uncertainty about how the four ATPase sites work together to drive UvrA 2 actions during lesion detection and initiation of NER. Our goal is to address this question by first determining the UvrA 2 ATPase mechanism on and off a lesion. To this end, we have initiated kinetic analysis of wild type B. stearothermophilius UvrA 2 and Walker A and Walker B ATPase mutants. Thus far, our results show that when UvrA 2 is not bound to DNA, ATP binding to the proximal sites permits ATP hydrolysis at the distal sites; however, ADP is released slowly leaving the latter predominantly ADP-bound. Contact with undamaged DNA accelerates the ATPase cycle at both the proximal and distal sites, but the latter still appear predominantly ADP-bound. Contact with damaged DNA also accelerates the ATPase cycle, but ADP release from the distal sites is stimulated such that ATP hydrolysis becomes the slowest step in the reaction. Thus, when UvrA 2 binds a lesion it switches from a predominantly distal ADP-bound to ATP-bound state. These distinct responses allow us to begin building a model of how UvrA 2 ATPase activity is coupled to lesion search, recognition and response.
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Function of the Intrinsically Disordered N-Terminus of Uracil DNA Glycosylase Brian P. Weiser, Gaddiel Rodriguez, Alexandre Esadze, Philip A. Cole, James T. Stivers. Pharmacology & Molecular Sciences, Johns Hopkins University, Baltimore, MD, USA. Uracil DNA Glycosylase (UNG2) is the primary enzyme in humans that removes uracil bases from the genome. UNG2 contains a structured catalytic domain that is preceded by a 91 residue N-terminus that is intrinsically disordered. We continue our work here characterizing the function of the disordered N-terminus of UNG2 by comparing the properties of the full-length protein to a truncated catalytic domain construct that lacks the N-terminus. We show that, compared to the catalytic domain, the full-length protein has an enhanced ability to translocate between uracil base substrates on the same DNA strand in vitro. We hypothesized that the enhanced translocation of the full-length protein might be due to more extensive interactions of the protein with DNA, possibly mediated through its N-terminus. To test this, we developed a protocol to express and purify the disordered N-terminus of UNG2 (UNG2 residues 1-91) for binding studies. The isolated N-terminal polypeptide UNG2(a.a.1-91) binds DNA with micromolar dissociation constants that are dependent on solution ionic strength. Finally, we present experiments that examine the activity of the full-length protein compared to the catalytic domain when uracil bases are incorporated into DNA substrates that model the replication fork. We conclude from our studies that the long N-terminus of UNG2 affects the intrinsic ability of its catalytic domain to identify and remove uracil bases from DNA, and that this is mediated through the direct interaction of the N-terminus with DNA.
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The 5 The high fidelity of many DNA polymerases is due, in part, to their ability to remove erroneously incorporated nucleotides at the terminus of the growing primer strand. This ''proofreading'' activity is catalyzed by the 3 0 -5 0 exonuclease (exo) domain in E. coli DNA polymerase I (Pol I). Structural studies have shown that this domain is spatially separated from the 5 0 -3 0 polymerase domain (pol), which is responsible for incorporation of dNTPs by templatedirected polymerization. Pol I also contains another spatially distinct domain, the 5 0 nuclease (nuc) domain, which is connected to the enzyme core by a flexible amino acid linker. This domain is involved in cleavage of downstream flaps formed during Okazaki fragment maturation and base excision repair. Using a single-molecule FRET system, we resolved three distinct conformations of Pol I-DNA complexes. Experiments with Pol I mutants established that these states correspond to DNA bound at the pol, exo, or nuc domains. Notably, the DNA substrate can transfer among all three domains without dissociation from the enzyme. We determined rate constants for site switching of model DNA substrates containing a correctly paired primer terminus, a terminal mismatch or an internal mismatch. The presence of mismatches accelerated transfer of DNA from the pol domain to the exo domain, as expected during proofreading. Surprisingly, the mismatches also accelerated transfer of DNA along the pol to nuc to exo domain pathway. These observations reveal the existence of a second intramolecular proofreading pathway, in which mismatched DNA first transfers from the pol domain to the nuc domain and then to the exo domain. Our results suggest an unexpected role for the 5 0 nuclease domain in the proofreading activity of Pol I. Sunday, February 18, 2018 
